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INTRODUCTION
The mechanism by which h y p e rto n ic  u r in e  i s  formed i s  in co m p le te ly  
u n d e rs to o d . The c o u n te rc u rre n t th e o ry  o f H arg itay  and Kuhn (1951) and 
W irz (195U) i s  g e n e ra l ly  accep ted  as th e  b e s t  e x p la n a tio n  o f observed  
d a ta .  A ccording to  t h i s  h y p o th e s is , long  loops o f Henle which ex tend  
in to  th e  r e n a l  m edulla  a re  e s s e n t i a l  anatom ic f e a tu r e s  f o r  produc­
t io n  o f c o n c e n tra te d  u r in e .  F u rtherm ore , th e  g r e a te r  th e  le n g th  of 
looped segm ents, th e  g r e a te r  shou ld  be th e  r e n a l  c o n c e n tra tin g  a b i l i t y  
in  th e  p resence  o f a n t i d i u r e t i c  hormone (v a so p re ss in )  (B e r l in e r  e t  a l . ,  
1958).
Long loops w ith  th in  segm ents a re  found on ly  in  b i rd s  and mammals, 
th e  on ly  v e r te b r a te s  a b le  to  produce a h y p e rto n ic  u rin e  (S chm id t-N ie lsen , 
1958). Furtherm ore , in  s tu d y in g  a la rg e  number o f  mammalian s p e c ie s ,  
S perber (l9 U i) found t h a t  th e  r e l a t i v e  th ic k n e s s  o f th e  m edulla i s  r e l a t ­
ed to  th e  h a b i ta t  o f a n im a ls . The r e l a t i v e  th ic k n e s s  o f th e  m edulla 
in  th e  v a rio u s  an im als was o b ta in ed  by d iv id in g  th e  a b so lu te  th ic k n e s s  
o f th e  m edulla by th e  s iz e  o f th e  k idney . Animals l iv in g  in  a d ry  ha­
b i t a t  have a la rg e  r e l a t i v e  th ic k n e s s  o f  th e  m edulla w h ile  an im als l i v ­
ing  in  a w e tte r  h a b i t a t  have a much sm a lle r  r e l a t i v e  m edu llary  th ic k ­
n e s s . Dipodomys, a d e s e r t  ro d e n t, has a r e l a t i v e  th ic k n e s s  o f  8 .5 .  
A p lo d o n tia  r u f a , a ro d en t in h a b i t in g  humid a re a s ,  has a r e l a t i v e  me­
d u l la r y  th ic k n e s s  o f 2 . 9  (S p e rb e r , 19bb),
A natom ical s tu d ie s  ( P f e i f f e r  e t  a l . ,  I960) have re v e a le d  th a t  
ab o u t th r e e - fo u r th s  o f  th e  nephrons in  th e  A . r u f a  k idney  a re  c o r t i c a l
—
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nephrons -without apy segm ents ex ten d in g  in to  th e  m edulla* Of th e  
lo o p s  t h a t  do ex tend  in to  th e  m ed u lla , few go deep in to  i t .  T here­
f o r e ,  acco rd in g  to  th e  c o u n te rc u r re n t  th e o ry  one would ex p ec t t h a t  
A* r u f a  cou ld  n o t produce a h ig h ly  c o n c e n tra te d  u r in e .  N ungesser 
(u n p u b lish ed  d a ta )  found t h a t  hydropén ie  A. r u f a  c o n c e n tra te s  i t s  
u r in e  on ly  2 ,k  tim es t h a t  o f i t s  p lasm a, compared to  li in  man, ^ 
o r  h ig h e r  in  dog (S m ith , 1956), and 18 to  20 in  th e  d e s e r t  ro d e n t ,  
Dipodomys (V im trup and S ch m id t-N ie lsen , 1952)* The i n a b i l i t y  o f
A . r u f a  t o  c o n c e n tra te  i t s  u r in e  t o  a g re a t  deg ree  may be due to  
s e v e ra l  f a c to r s  ; a )  la c k  o f  endogenous -vasopressin;- b) l im ite d  a b i l ­
i t y  o f  th e  k idney  to  respond  to  v a s o p re s s in j  c) d ie ta r y  f a c t o r s ,  
such a s  a  low s o lu te  lo a d .
There a re  few s tu d ie s  on r e n a l  re sp o n ses  to  in je c t io n  o f vaso­
p r e s s in  in  w ild  an im als w ith  d i f f e r e n t  ty p e s  o f  k id n ey  a rc h i te c tu r e *  
The purpose o f  t h i s  p re s e n t  s tu d y  i s  to  de te rm ine  th e  r e n a l  concen­
t r a t i n g  resp o n se  o f  A* r u f a  to  in je c t io n s  o f  v a so p re ss in *
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METHODS
For th e  fo llo w in g  s e r i e s  o f experim en ts te n  A p lodon tia  and s ix  
dom estic  r a b b i t s  were u sed . R a b b its  can be m ain ta in ed  on the same d i e t  
a s  A, r u f a  and i t  i s  known th a t  th e y  respond  to  v a so p re s s in  (C ro ss , 
19$1). T h ere fo re , th e y  were used to  e v a lu a te  th e  e f f e c t iv e n e s s  o f  th e  
p ro c e d u re s . P rev ious to  th e  experim en t th e  an im als were m ain ta in ed  on 
an ad l ib i tu m  d i e t  o f c a r r o t s ,  l e t t u c e ,  and w a te r .  The experim ents 
were u s u a l ly  perform ed on th re e  or fo u r  an im als s im u lta n e o u s ly . The 
g e n e ra l  procedure  fo llo w ed  was t h a t  o f  H a r r is  (19U7). The p rocedure  i s  
o u t l in e d  in  Table 1.
A, Animals h y d ra ted  and in je c te d  w ith  P i t r e s s in .^
The an im als were a n e s th e tiz e d  l i g h t l y  w ith  e th e r  in  o rd e r to  f a c i ­
l i t a t e  h a n d lin g . Then c h lo ra lo s e  (20-60 mg/kg o f  body w e ig h t) and te p id  
w a te r  ($0  m l/kg) were a d m in is te re d  by s to n ach  tu b e . C h lo ra lo se  was 
used to  b o th  a n e s th e t iz e  th e  an im al and m inim ize th e  r e le a s e  o f endo­
genous v a so p re s s in . N inety  m inutes l a t e r  a dose o f t e p id  w a te r (^0 
m l/kg) was g iv en . An a ttem p t was a ls o  made a t  t h i s  tim e to  empty th e  
b la d d e r  by sup rapub ic  com pression . I f  no u r in e  was e x p re sse d , subse­
quen t a tte m p ts  w ere made ev ery  15 o r 20 m inutes u n t i l  a sample was 
v o id ed . Twenty m inu tes a f t e r  th e  f i r s t  b la d d e r  em ptying, th e  anim al 
was g iven  a subcutaneous i n je c t i o n  o f e i t h e r  1 .0  cc o f  w a te r , 100 mU 
o f P i t r e s s i n  in  1*0 cc o f  w a te r , o r 1 .0  U o f  P i t r e s s in  in  1 .0  cc o f 
w a te r .
iL o ts  #Z107GA and #Z103DA o f aqueous P i t r e s s i n  from  P arke, D avis 
and Company
- 3 -
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Three r a b b i t s  re c e iv e d  Z o r  2 .5  u n i t s  o f  P i t r e s s in ,  S e v e ra l i n t r a ­
venous in je c t io n s  were made in  th e  r a b b i t  and A p lo d o n tia .  However, 
in tra v e n o u s  in je c t io n  in  A p lodon tia  was d i f f i c u l t  because o f  th e  
la c k  o f  s u p e r f i c i a l  v e in s*  The resp o n se  to  subcutaneous in je c t io n  
was a s  h ig h  a s  o r  h ig h e r  th an  th e  resp o n se  t o  in tra v en o u s  in je c t io n s  
(T ab le  2 ) ,  and so th e  subcutaneous ro u te  was used  in  m ost experim ents*
E very  l5  to  20 m inutes a f t e r  th e  P i t r e s s in  i n j e c t i o n ,  an  a tte m p t 
was made to  e x p re ss  u r in e .  I f  t h i s  was n o t s u c c u s s fu l ,  th e  an im al 
was re tu rn e d  to  i t s  cage and a n o th e r  a ttem p t was made l5  m inutes 
l a t e r .
In  22 experim ents on ly  one in je c t io n  was g iv e n . In  l 5  e x p e r i­
m ents a second in je c t io n  o f  P i t r e s s i n  o r w a te r  was g iven  70 to  105 
m inu tes a f t e r  th e  i n i t i a l  i n j e c t i o n .  At th e  tim e o f th e  second 
in je c t i o n  a  w a te r  lo ad  eq u a l to  th e  t o t a l  amount o f  u r in e  e x p re ssed  
from th e  s t a r t  o f th e  experim en t was a d m in is te re d  by stomach tube*
The experim en t was te rm in a te d  from one to  two hours a f t e r  th e  f i n a l  
i n j e c t i o n  o f P i t r e s s i n .
B. D ehydrated  a n im a ls .
D ehydration  was used  to  e v a lu a te  th e  u r in e  c o n c e n tra tin g  a b i l i t y  
in  s e v e r a l  an im als in  o rd e r  to  compare th e  e f f e c t  o f  endogenous 
a n t i d i u r e t i c  f a c to r s  w ith  th e  e f f e c t  o f exogenous ADH. Animals were 
k e p t in  m etabolism  cages f o r  th e  p e r io d  o f  d e h y d ra tio n . They re c e iv e d  
no w a te r  and were fe d  c a r r o t s  t h a t  w ere d eh y d ra ted  to  about 50$ o f  
t h e i r  o r ig in a l  w e ig h t, A 2k hour u r in e  sample was c o l le c te d  under 
k e ro se n e . A lso , s e p a ra te  in d iv id u a l  u r in e  sam ples w ere tak e n  tw ice
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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e v e ry  d ay . For A p lo d o n tia ,  th e  p rocedure  was to  ta k e  th e  anim al o u t 
o f  i t s  cage and p u t i t  i n to  a  sm a ll m e ta l box. U su a lly  th e  s tim u lu s  
o f  h an d lin g  would cause th e  anim al to  u r in a te  w ith in  a  few m in u te s . 
U rine was ex p ressed  m anually  from th e  r a b b i t s  by sup rapub ic  p re s s u re .  
The an im als were d eh y d ra ted  u n t i l  th e y  had l o s t  from  10 to  ZQ% o f  
t h e i r  o r ig in a l  w e ig h t.
Blood Samples were tak e n  s im u ltan eo u s ly  w ith  u r in e  sam ples from 
u n tr e a te d  a n im a ls , from  h y d ra te d  an im als re c e iv in g  no P i t r e s s in ,  
from h y d ra ted  an im als re c e iv in g  P i t r e s s i n ,  and from dehydra ted  an im als . 
B lood was tak en  in  h e p a r in iz e d  sy r in g e s  from th e  m arg in a l e a r  v e in s  o f 
th e  r a b b i t s  and from th e  e x te rn a l  ju g u la r  v e in s  o f A p lo d o n tia . One 
m i l l i l i t e r  o f b lood  was w ithdraw n from each an im al, p u t in to  a  hema­
t o c r i t  tu b e , and c e n tr ifu g e d . The plasma was drawn o f f  w ith  a  p ip e t te  
and 0 ,2 0  ml was used  f o r  d e te rm in a tio n  o f  t o t a l  s o lu te  c o n c e n tra tio n .
Volume, o sm o la li ty , and c h lo r id e  c o n c e n tra tio n  were determ ined  
on each u r in e  and b lood sam ple. C h lo rid e  c o n c e n tra tio n  in  m i l l ie q u i -  
v a le n ts  p e r l i t e r  was dete rm ined  by th e  S cha les-A sper method (A sper e t  
a l , ,  1914.7 ) .  T o ta l s o lu te  c o n c e n tra tio n  o f b lood  and u r in e  in  m i l l i -  
oamols p e r kg o f w a ter was determ ined  w ith  a F iske  Osmometer, Each 
2 .0  ml u r in e  sample was t e s te d  u n t i l  a t  l e a s t  two re a d in g s  were ob­
ta in e d  w ith in  a range o f  th re e  m ill io s m o ls .
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Table 1 . O u tlin e  o f  th e  p rocedure  f o r  P i t r e s s i n  in je c t io n .
T im e Procedure
0 m inu tes
90 m inu tes
110 m inutes
135 m inu tes
lifO m inu tes
155 m inu tes




Animal was e th e r iz e d  l i g h t l y  and th e n  g iven  w ater 
and c h lo ra lo s e  by stom ach tu b e . Blood was w ith ­
drawn and u r in e  was c o l le c te d .
Anim al.was g iven  w a te r  by stom ach tube  and a  u rin e  
sample was c o l le c te d .
I n je c t io n  o f P i t r e s s in  o r  w a te r was made and u r in e  
was c o l le c te d .
U rine was c o l le c te d .
U rine was c o l le c te d .
U rine was c o l le c te d .
U rine was c o l le c te d  and b lood was w ithdraw n.
U rine was c o l le c te d  and a n o th e r  dose o f w a te r was 
g iv en  by stom ach tu b e , A second in je c t io n  o f 
P i t r e s s i n  o r w a te r  was g iv e n .
U rine was c o l le c te d  ev e ry  l 2  -  20 m in u tes .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
RESULTS
A. Anim als in je c te d  w ith  P i t r e s s i n  (T ab les  2 and 3)«
In  ev e ry  h y d ra ted  A p lo d o n tia  r e c e iv in g  an in je c t io n  o f P i t r e s s in  
th e r e  was a  pronounced r i s e  in  th e  t o t a l  s o lu te  c o n c e n tra tio n  and a 
sm a lle r  r i s e  in  th e  c h lo r id e  c o n c e n tra tio n  (Graph 1 ) .  The o v e r - a l l  
e f f e c t  i n  th e  c o n tro l  an im als was a  d e c rea se d  t o t a l  s o lu te  and c h lo ­
r id e  c o n c e n tra tio n  (Graph 2 ) ,
A p lodon tia  r e c e iv in g  one in je c t io n  o f  P i t r e s s in  s t a r t e d  concen­
t r a t i n g  t h e i r  u r in e  a f t e r  abou t t h i r t y  m inutes and th e  maximum concen­
t r a t i o n  was reached  in  abou t s ix ty  t o  n in e ty  m inu tes. Animals r e c e iv ­
ing  two P i t r e s s i n  in je c t io n s  showed, in  g e n e ra l , a  d e c rea se  in  u r in e  
c o n c e n tra tio n  a f t e r  th e  maximum was reach ed  and th e n  an in c re a se  in  
th e  c o n c e n tra tio n  a g a in  a f t e r  th e  second in je c t io n .  A plodontia  r e c e iv ­
in g  100 mU of P i t r e s s in  ach ieved  an average u r in e  c o n c e n tra tio n  o f 
336 mosms w h ile  an im als re c e iv in g  1 .0  U o f  P i t r e s s in  ach ieved  an 
average o f UOl mosms (T able 3 ) .
H ydrated r a b b i t s  in je c te d  w ith  P i t r e s s in  were a b le  t o  c o n c e n tra te  
t h e i r  u r in e  to  a g r e a te r  deg ree  th a n  A p lo d o n tia ,  as shown by h ig h e r  
o s m o la l i t ie s  and c h lo r id e  c o n c e n tra t io n s . The c h lo r id e  c o n c e n tra tio n s  
d i f f e r e d  g r e a t ly  from th o se  of A p lo d o n tia . In  every  case  th e  m i l l i -  
e q u iv a le n ts  p e r l i t e r  more than  doubled  a f t e r  th e  P i t r e s s in  in je c t io n ,  
making th e  c h lo r id e  curve co rrespond  ©ore c lo s e ly  to  th e  o sm o la lity  
curve (Graph 3 ) .  C o n tro l an im als e x h ib i te d  d e c rea se d  t o t a l  s o lu te  and 
c h lo r id e  c o n c e n tra tio n s  (Graph h ) .
- 7 -
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Maximum u rin e /p la sm a  r a t i o s  f o r  th e  an im als re c e iv in g  P i t r e s s in  
a re  shown in  Table 3 . The h ig h e s t  maximum U/P r a t i o  was 2 ,0  f o r  A. 
ru fa  and 3 .6  f o r  th e  r a b b i t .  Plasma o s m o la l i t ie s  were low er i n  hy­
d ra te d  an im als th an  in  u n tre a te d  an im a ls , and low er in  h y d ra ted  a n i ­
m als r e c e iv in g  P i t r e s s in  th an  in  h y d ra ted  an im als n o t r e c e iv in g  
P i t r e s s i n  (T able 3 ) .
B. D ehyàrated  an im als (T able  i t) .
Dehydration produced higher maximum urine and blood osmolalities 
in both A, rufa and rabbit than did hydration and Pitressin injection. 
Higher U/P ratios were also obtained.
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T able  3» Maximum o s m o la l i t ie s  
A p lo d o n tia  and o f th e  r a b b i t ,  
a re  l i s t e d  o p p o site  each  o th e r
—1 2 “
o f  u r in e  and plasma and u /P  r a t i o s  o f 
Urine and plasm a ta k e n  s im u ltan eo u s ly
A plodon tia  
plasma lîr in e
R abbit 
plasma U rine
O sm o la litie s  (mosms/kg) *G 312 -  *C 331 ^ iv  303 - I V  335
im m ediate ly  b e fo re I  283 V 288
h y d ra tio n H 301 IV 299
I  290 
Q 291 
T 283
S 299 -  S 606 
X 300 -  X ifl6 
T 286 -  Y 313
V 296
Maximum o s m o la l i t ie s I  273 N 178 V 206
(mosms/kg) a f t e r  h y d ra tio n 0 86 VI 83
and no P i t r e s s in P 180 IV 282 -  IV 80
J  100 IV 28 3 - I V  80
X 283 -  X 137 v m 2 9 ii-v n r 6 i  
IX 279-  IX 127
Maximum o s m o la l i t ie s 100 mU 100 raU 100 mU
(mosms/kg) a f t e r  h y d ra tio n I  233 -  I  337 IV 328
and P i t r e s s in  in je c t io n I  230 IV 332
a rran g ed  acco rd in g  to I  231 IV Wt9
dose o f  P i t r e s s in J  332 IV 301
re c e iv e d N 309 V 788
am 336 
1 .0  Ü 1 .0  u
V 197 
-'avg U83
I  569 1 .0  U 1 .0  U
0 IV 6ii3
Q 366 V 270 “ V 369
I  233 -  I  390 V 2 7 1 -V  687
T 233 -  T 308 
T 233 -  T 318
a\g  366
S 279 -  s 133 2 .0  U 2 .0  U
Y 27I  -  Y 372 VŒ 290- vniüü2
avgiiOl IX 2 8 6 - IX]0it3
X 263-X  780 
IX 270 -  IX 8L9
am  889
Maximuq u rin e /p la sm a  osm olal -I 2 .0 V 2 .3
r a t i o  a f t e r  h y d ra tio n  and T 1 .2 V l . ] j
P i t r e s s in  in je c t io n r l . i f IX 3 .1
Y l . i i X 2 .9
, I  1 .3 VII 3 .0
S 1 .6 IX 3 .5
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T able  k» Maximvm u r in e  and plasm a o s m o la l i t ie s  and u /P  r a t i o s  from 
A p lo d o n tia  and from th e  r a b b i t  d u rin g  d e h y d ra tio n .
A p lodon tia Maximum O sm o la litie s u /p  R a tio
U rine Plasma
I 761 314 2.42
F 851 326 2 .67
G 620 299 2 .70
R ab b it
IV 1087 317 3 .4
V 938 322 2 .96
T able 5» T o ta l c h lo r id e  e x c re t io n  (pEq/m in) over a to  75 m inute 
p e rio d  a f t e r  th e  i n i t i a l  i n je c t io n  f o r  A plodon tia  and r a b b i t .
R ab b it A olodon tia
P i t r e s s i n  in je c te d C on tro l P i t r e s s in  in je c te d C ontro l
*IV 83 ■«■VI 22 * I 13 15
V 75 V 120 J 49 J  7
IV 118 IV 21 I 16 0 6
IV 101 IV 21 N 8 P 4
V 61 DC 30 I 9 X 41
IV 118 X 100 Q 19 S 16
IV 71 I 8
V 98 Q 24
V 58 Y 33
vnr 58 T 39
I 9
SI 35
*an im al number o r l e t t e r
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Graph 1. Example o f  in c re a se d  t o t a l  so lu te  and c h lo r id e  c o n c e n tra tio n  a f t e r  
subcutaneous P i t r e s s in  in je c t io n  in  A plodontia .


















































































TIME IN MINUTES AFTER INITIAL INJECTION 1 .0  U PITRESSIN S.C . AT t  
150120






Graph 3 . Example o f in c re a se d  t o t a l  s o lu te  and c h lo r id e  c o n ce n tra tio n  a f t e r  





































TIME IN MINUTES AFTER INITIAL INJECTION 0.5 CC HgO I.V. AT T
Graph 4» A c o n tro l  r a b b i t ,  hyd rated  and re c e iv in g  an in travenous in je c t io n  o f  w a ter.
DISCUSSION
A plodon tia  r u f a  i s  a  sm all ro d e n t whose range i s  l im ite d  to  
humid a re a s  of th e  P a c if ic  N orthw est, I t s  d i e t  c o n s is t s  a lm ost en­
t i r e l y  o f  p la n ts  w hich c o n ta in  a la rg e  p e rcen tag e  o f w a te r ( Camp^
1918) ,  A t o t a l  o f  on ly  30 t o  38^ o f  th e  nephrons in  i t s  k idney ex­
tends i n to  th e  m ed u lla ry  re g io n  and on ly  one t h i r d  o f th e s e  ex tends 
in to  th e  in n e r  zone o f  th e  m edu lla  ( P f e i f f e r  e t  a l . ,  I9 6 0 ) .
The c o u n te rc u r re n t  th e o ry  has a s  a  r e q u i s i t e  f o r  h y p e rto n ic  
u r in e  fo ra ia tio n  long  lo o p s o f  Henle ex ten d in g  d eep ly  i n to  th e  m edu lla . 
The long  loops p ro b ab ly  a c t  a s  c o u n te rc u r re n t m u l t ip l i e r s  which b u i ld  
up an osm otic c o n te n tr a t io n  g ra d ie n t  in  th e  i n t e r s t i t i a l  f l u id  of th e  
m edu lla .
A ccording to  Sm ith (19^9) th e  c o u n te rc u rre n t  m u l t ip l i e r  p robab ly  
works in  th e  fo llo w in g  manner. S o lu te s  such as sodium a re  a c t iv e ly  
t r a n s p o r te d  ou t o f the- a scen d in g  lim b o f th e  loop  o f Hgnle in to  th e  
i n t e r s t i t i a l  f l u i d .  They d i f f u s e  from the  i n t e r s t i t i a l  f l u id  to  th e  
descen d in g  lim b . As u r in e  flow s down th e  descend ing  lim b i t  becones 
more c o n c e n tra te d , i /^ i le  a s  i t  moves up th e  ascend ing  lim b , i t  becomes 
more d i l u t e .  Such a system  w i l l  e s t a b l i s h  an  osm otic g ra d ie n t a long  
th e  le n g th  of th e  m edu lla , th e  p a p i l l a  hav ing  an osm otic p re s su re  
g r e a te r  th an  th e  m edu llary  re g io n  n e a r e s t  t o  th e  c o r te x .  The osm otic 
g ra d ie n t  i s  e s ta b l is h e d  in  th e  i n t e r s t i t i a l  f l u i d  as w e ll as in  th e  
lo o p  o f  H enle. Urine in  th e  d i s t a l  tu b u le  i s  hypo ton ic  o r is o to n ic  
t o  th e  plasm a. T herefo re  fo rm atio n  o f  h y p e rto n ic  u r in e  must ta k e  p lace
-1 8 -
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i n  th e  c o l le c t in g  tu b u le s .  I t  i s  th o u g h t t h a t  ADH in c re a s e s  th e  
p e rm e a b il i ty  o f th e  c o l le c t in g  tu b u le s  to  w a te r . Thus, w a te r  can move 
p a s s iv e ly  from th e  r e l a t i v e l y  d i l u t e  f l u id  in  th e  c o l le c t in g  tu b u le s  
t o  th e  c o n c e n tra te d  medium o f th e  i n t e r s t i t i u r a .  The u r in e  in  th e  
c o l l e c t in g  tu b u le  becomes a s  c o n c e n tra te d  a s  th e  i n t e r s t i t i a l  f l u i d .
The m ed u lla ry  c a p i l l a r i e s  (v asa  r e c ta )  remove th e  reab so rb ed  w a te r in  
o rd e r  to  m a in ta in  th e  c o n c e n tra t io n -g ra d ie n t  (B e r l in e r  e t  a l . ,  19^8),
Due to  th e  sm all number o f  long  lo o p s  and th e  sm a ll r e l a t iv e  
th ic k n e s s  of th e  m edulla  in  A p lo d o n tia , one can p o s tu la te  t h a t  t h i s  
an im al canno t respond  to  v a so p re s s in  a s  w e ll  a s  an an im al w ith  a 
g r e a te r  p e rcen tag e  o f  long lo o p s and a g r e a te r  th ic k n e s s  o f th e  m edulla, 
These experim ents dem onstra te  th a t  A. ru fa  w i l l  respond  to  v a so p re s s in  
and t h a t  t h i s  resp o n se  i s  l e s s  th an  t h a t  o f  a mammal w ith  lo n g e r lo o p s , 
th e  r a b b i t .  These resp o n ses  a re  c o n s is te n t  w ith  th e  c o u n te rc u rre n t 
th e o ry . The mammal w ith  th e  lo n g e s t  loops produces th e  h ig h e s t  u r in e  
c o n c e n tra tio n .
In  A p lo d o n tia , th e  number o f nephrons w ith  long loops ex tend ing  
in to  th e  m edulla  v a r ie s  f r a n  5 to  16^ o f  th e  t o t a l  number o f  nephrons. 
I t  i s  p o s s ib le  th a t  t h i s  number o f nephrons cou ld  a s s i s t  in  producing  
a  u r in e  o f  m oderate c o n c e n tra t io n .
When th e  r e l a t i v e  th ic k n e s s e s  o f th e  m edullae of v a rio u s  mammals 
a re  compared w ith  known maximum u r in e  c o n c e n tra t io n s , a  s t r ik in g  
c o r r e la t io n  can be seen . The r e l a t i v e  th ic k n e s s  o f  th e  m edulla and 
th e re b y  th e  r e l a t i v e  le n g th  o f th e  long  loops seems to  be r e l a te d  to  
th e  a b i l i t y  to  c o n c e n tra te  u r in e .  As seen  in T able 6 , th e  r e l a t i v e  
th ic k n e s s  o f th e  m edulla i s  c o r r e la te d  w ith  th e  a b i l i t y  to  c o n c e n tra te






























R e la tiv e  
th ic k n ess  
o f m edulla 
(Sperber)
Maximum u r in e  
concentra tiion  
in  mosms/kg 
a f t e r  d ehyd ra tion
Maximum u rin e  
c o n ce n tra tio n  
in  mosms/kg 
a f t e r  P i t r e s s in
Maximum U/P 
osm olal r a t io s
%
of long loops
A plodontia 2.9 839 569 2.7 5 to  16% 
(P f e i f f e r  e t  aL)
Man 3 .0 1400 (Gamble 
and B u tle r) 850(West e t  a l . )
4
(Sm ith, 1956)
14^or le s s  
(Sm ith, 1958)
Dog 4 .3 2425 
(West e t  a l . )
1375
(West e t a l . )




R abbit 5 .4 1087 1045 3 .7 46 to 48% 
(S perber)
W hite Rat 5 .8 3060
(B lythe e t  a l . )
2506
(H ollander and 
B ly the)
about 10.2 




Dipodomys 8.5 about 6000 18 to  20 
(Vimtrup and 
Schm idt- 
N ie lsen )
27%
(S perber)
C/îc/î Table 6. Comparison of concentrating ability and anatomical findings in various mammals.
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u r in e  i n  a l l  an im als ex cep t th e  r a b b i t ,  ^ t  i s  su sp e c te d , however, 
t h a t  th e  r a b b i t  a s  w e ll  a s A p lodon tia  can c o n c e n tra te  i t s  u r in e  to  
a g r e a te r  deg ree  than  was shown in  t h i s  work by p r io r  fee d in g  w ith  
a h ig h  p ro te in  d ie t  (H endrikx and E p s te in ,  1958). There i s  no 
a p p a re n t c o r r e la t io n  between th e  p e rcen tag e  of lo n g  loops and th e  
a b i l i t y  to  c o n c e n tra te  u r in e  in  th e  d i f f e r e n t  an im a ls . This e v i­
dence seems t o  in d ic a te  t h a t  th e  le n g th  o f  th e  long  lo o p s  as 
in d ic a te d  by  th e  r e l a t i v e  m ed u lla ry  th ic k n e s s e s ,  i s  more im p o rtan t 
th an  th e  p e rcen tag e  o f  long  loops f o r  th e  an im al t o  produce a more 
c o n c e n tra te d  u r in e ,
A f a c to r  o f p o s s ib le  Im portance i s  th e  r a t i o  o f  th e  number 
o f  long  loops to  th e  number o f  c o l le c t in g  d u c ts .  The two b a s ic  
ty p e s  o f  c o l le c t in g  tu b u le  system s d e sc r ib e d  by S perber may have 
e i t h e r  few o r many nephrons em ptying in to  each main c o l le c t in g  
tu b u le .  The main c o l le c t in g  tu b u le s  th em se lv es jo in  re p e a te d ly  in  
th e  m ed u lla . He d id  n o t  de te rm ine  th e  number o f main c o l le c t in g  
tu b u le s  found in  th e  d i f f e r e n t  k idney  ty p es  no r th e  number of nephrons 
which u s u a l ly  empty in to  th e  main c o l le c t in g  tu b u le s .  The number 
(n o t p e rc en ta g e )  o f long  loops compared to  th e  number of c o l le c t in g  
tu b u le s  may be of g r e a t  im portance in  th e  a b i l i t y  o f  an anim al to  
c o n c e n tra te  i t s  u r in e .  For exam ple, an an im al w ith  a g r e a t  number 
o f lo n g  loops and few c o l le c t in g  tu b u le s  would be ex p ec ted  to  produce 
a  more h y p e rto n ic  u r in e  th an  an an im al w ith  few long  lo o p s and few 
c o l l e c t in g  tu b u le s ,  c o n s id e r in g  th e  long  lo o p s to  b e  o f th e  same 
le n g th .
In  S m ith ’s d is c u s s io n  o f th e  c o u n te rc u rre n t  th e o ry  he m entions th e  
fo llo w in g  a s  one o f h i s  f i r s t  o b je c tio n s  to  th e  th e o ry . In  man on ly
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^ bou t one in  seven nephrons has lo n g  lo o p s and n o t ev e ry  one o f  th e s e  
ex ten d s in to  th e  in n e r  zone o f  th e  m ed u lla . The r e s t  o f  th e  nephrons 
a re  c o r t i c a l .  In  th e  dog a l l  th e  nephrons have lo n g  lo o p s . Yet 
th e r e  i s  no g re a t  d i f f e r e n c e  betw een th e  c o n c e n tra tin g  a b i l i t y  o f  man 
and dog s u b s is t in g  on a mixed d i e t .  However, West e t  a l .  (1955) 
have shown th a t  a f t e r  P i t r e s s i n  i n je c t i o n ,  man c o n c e n tra te s  u rin e  to  
abou t 850 mosms and th e  dog to  1375 mosms. D uring d eh y d ra tio n  man 
c o n c e n tra te d  u r in e  to  1175 and dog to  2^25. Gamble and B u tle r  (iP hh) 
r e p o r t  a maximum u r in e  osm olar c o n c e n tra tio n  o f litOO mosm in  t h i r s t ­
in g  men on a r a f t .  The d if fe re n c e  betw een th e  c o n c e n tra tin g  a b i l i t y  
o f  dog and man under b o th  c o n d itio n s  couM be r e l a te d  to  the  d i f f e r ­
ence i n  th e  number o f  long  loops and to  th e  d if f e r e n c e  in  th e  le n g th  
o f  th e  long  lo o p s . Such an in te r p r e t a t i o n  su p p o rts  th e  c o u n te rc u rre n t 
th e o ry .
Maximum U/P r a t i o s  in  hydropén ie  A plodon tia  were 2. It, 2 .6 , and 
2 .7 .  Lower f ig u r e s  were o b ta in ed  on h y d ra ted  an im als re c e iv in g  P i t ­
r e s s i n .  Nungesser (u n p u b lish ed  d a ta )  o b ta in ed  somewhat lower f ig u re s  
o f 2 .0  to  2 , it on fo u r  hydropénie  a n im a ls . The maximum U/P r a t i o  o f
3 . It was o b ta in ed  in  th e  r a b b i t .  The osm otic c o n c e n tra tio n  c e i l in g  
was a u /P  r a t i o  o f It in  man, 5 or h ig h e r in  dog (Sm ith , 1956), and 
l8  to  20 f o r  th e  d e s e r t  r o d e n t . ( Vimtrup and S chm id t-N ielsen , 1952). 
These r a t i o s  c o r r e l a t e  w ith  th e  a b i l i t y  to  c o n c e n tra te  u rin e  and w ith  
th e  r e l a t i v e  th ic k n e s s  o f th e  m ed u lla , ex cep t f o r  th e  r a b b i t .  The 
p o s s i b i l i t y  o f p roducing  a more h ig h ly  c o n c e n tra te d  u rin e  in  th e  r a b b i t  
by d i e t a r y  m an ip u la tio n  has been d isc u sse d  p re v io u s ly .
There has been no a ttem p t to  de term ine  th e  dose response  range 
in  t h i s  w ork. The dose used has been pharm aco log ica l r a th e r  th an
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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p h y s io lo g ic a l ,  f o r  th e  purpose o f  o b ta in in g  a maximum c o n c e n tra tio n  o f 
u r in e .  However, 1*0 u n i t  o f  P i t r e s s i n  produced a somewhat g re a te r  
average  u r in e  c o n c e n tra tio n  than  d id  100 mU in  A p lo d o n tia . The maxi­
mum c o n c e n tra tio n  o f 569 mosms was produced a f t e r  in je c t io n  o f 1 .0  U, 
b u t  one an im al c o n c e n tra te d  t o  over 500 mosms w ith  a dose of 100 mU.
I t  i s  p o s s ib le  t h a t  th e  maximum dose l i e s  somewhere between 100 mU 
and 1 .0  Ü.
We found t h a t  d e h y d ra tio n  caused  g r e a te r  u r in e  c o n c e n tra tio n s  
th an  P i t r e s s in  d u rin g  w a te r  d iu r e s i s  in  bo th  A plodon tia  and th e  
r a b b i t  (T ab les 3 and i i ) . There a re  s e v e ra l r e p o r ts  of sm a lle r  v a lu es 
f o r  th e  maximum u rin e  c o n c e n tra tio n s  a f t e r  in je c t io n  o f P i t r e s s in  th an  
a f t e r  d e h y d ra tio n  (E p s te in  e t  a l* ,  1957; deWardener and Herxheim er, 
1957).
West e t  a l .  (1955) found t h a t  a f t e r  p i t r e s s in  in je c t io n s  man
c o n c e n tra te d  u r in e  to  abou t 850 mosms and dog c o n ce n tra te d  u rin e  to
1375 mosms. During d e h y d ra tio n  experim en ts man co n ce n tra te d  u r in e  to
1175 and dog to  2^25 mosms. The reaso n  f o r  t h i s  d if f e r e n c e  i s  n o t
known, b u t th e  d i f f e r e n t  p o s s i b i l i t i e s  a re  d isc u sse d  by West e t  a l ,
in  th e  fo llo w in g î
A f a c to r  which shou ld  n o t be overlooked a s  c o n tr ib u tin g  to  th e  
g e n e ra l ly  low er and in c o n s is te n t  osm otic d i f f e r e n t i a l s  in  th e  
absence  o f  s o lu te  d iu r e s is  i s  th e  h y d ra tio n  o f th e  s u b je c ts  
r e c e iv in g  P i t r e s s i n .  There a re  a  number o f  ways by which hydra­
t io n  could  co n ce iv ab ly  in f lu e n c e  th e  c o n c e n tra tin g  mechanism. 
D ilu t io n  o f body f l u id s  m ight d im in ish  th e  c o n c e n tra tio n s  o f 
c e r t a in  i n t r a -  a n d /o r  e x t r a c e l l u l a r  s o lu te s ,  c r i t i c a l  fo r  ü ie  
maximal a c t i v i t y  o f  th e  c o n c e n tra tin g  mechanism. The p o s s i b i l i t y  
t h a t  h y d ra tio n  m ight v a r ia b ly  s t im u la te  s e c re t io n  o f  a d re n a l c o r t i ­
c a l hormones a n ta g o n is t ic  t o  P i t r e s s i n ,  ev idence f o r  which has 
r e c e n t ly  been rev iew ed , shou ld  a ls o  be c o n s id e re d . S im ila r ly , 
su b s tan ces  w ith  a n t i d i u r e t i c , a c t i v i t y  o th e r  th an  ADH m ight be 
p re s e n t  in  the ]^d ropen ic  s u b je c t ,  supplem enting  th e  a c t io n  o f  th e  
p i t u i t a r y  hormone and d isa p p e a r in g  w ith  h y d ra tio n . F in a l ly ,  
d i f f e r e n c e s  in  f i l t r a t i o n  r a t e  in  the  h y d ra ted  and hydropénie
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s u b je c ts  m ight be re s p o n s ib le  f o r  th e  d if f e r e n c e s  in  u r in a ry  
c o n c e n tra tio n .
The problem s r e l a t e d  to  th e  u se  o f e l e c t r o l y te  e x c re tio n  a s  an 
in d ex  o f  resp o n se  f o r  b io a s sa y s  o f a n t i d i u r e t i c  su b s tan ce  a re  d isc u sse d  
by  Thorn (1958)» C ross (1951) used  c h lo r id e  e x c re t io n  a s  an index  of 
re sp o n se  f o r  P i t r e s s in  in je c te d  in to  su c k lin g  r a b b i t s .  C h lo ride  ex cre ­
t io n  proved to  be l e s s  r e l i a b l e  an  index  o f resp o n se  th an  t o t a l  s o lu te  
e x c re t io n  in  A p lodon tia  (Graph 1 ) .  However, in  r a b b i t s  th e  c h lo r id e  
curve fo llow ed  th e  t o t a l  so lu te  curve c lo s e ly  and could  be used as an 
in d ex  o f  resp o n se  to  P i t r e s s i n  (Graph 3)»
The amount o f c h lo r id e  e x c re te d  p e r m inute (jwEq/l) fo r  a p e rio d  
o f from 55 to  75 m inu tes a f t e r  th e  i n i t i a l  in je c t io n  was c a lc u la te d  
(T ab le  5 ) .  The la c k  o f  a s u f f i c i e n t  number o f experim ents p rev en ts  
s t a t i s t i c a l  a n a ly s is  o f  th e  d a ta  and, th e r e f o r e ,  no co n clu sio n s can 
be draw n. A lso , i t  was im p o ssib le  t o  know i f  th e  t o t a l  volume of 
u r in e  in  th e  b lad d e r was ex p ressed  a t  each v o id in g , and th e re fo re  th e  
f ig u re s  in  Table 5 may n o t be a c c u ra te .
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SUMMARY
The c o u n te rc u rre n t th e o ry  su g g e s ts  t h a t  the  g r e a te r  th e  le n g th  
o f th e  lo n g  lo o p s , th e  g r e a te r  th e  a b i l i t y  o f th e  k idney  to  c o n ce n tra te  
u r in e .  T h is has been observed  to  be th e  case  in  d i f f e r e n t  sp e c ie s  o f 
an im als  by s e v e ra l  a u th o r s .  However, no c o r r e la t io n  i s  a p p a ren t be­
tween th e  p e rcen tag e  of long  loops and th e  a b i l i t y  o f  th e  k idney  to  
c o n c e n tra te  u r in e  in  th e s e  same an im a ls .
A t o t a l  o f  18 P i t r e s s in  in je c t io n  experim ents w ere pc^formed on 
A p lodon tia  and 19 experim ents were perform ed on th e  r a b b i t .  Al!|. 
h y d ra te d  anim als which re c e iv e d  P i t r e s s in  showed s ig n i f i c a n t  r i s e s  in  
t o t a l  s o lu te  and c h lo r id e  c o n c e n tra tio n s  when eompared w ith  c o n tro l  
an im als which re c e iv e d  an in je c t io n  o f w a te r . H igher u r in e  co n cen tra ­
t io n s  were acheived  in  r a b b i t s  th a n  in  A. r u f a .
S l ig h t ly  h ig h e r  t o t a l  s o lu te  c o n c e n tra tio n s  were observed in  
an im als r e c e iv in g  1 ,0  U o f  P i t r e s s in  when compared w ith  anim als r e c e iv ­
in g  100 mU of P i t r e s s i n .  i t  i s  su g g ested  th a t  th e  maximum dose l i e s  
betw een 1 ,0  U and 100 mU f o r  A p lo d o n tia .
D ehydrated an im als were a b le  to  produce h ig h e r maximum u rin e  
o s m o la l i t ie s  th a n  h y d ra ted  an im als r e c e iv in g  P i t r e s s in ,  The p o s s ib le  
re a so n s  f o r  t h i s  d if f e r e n c e  a re  d is c u s se d . I t  may be p o ss ib le  to  
o b ta in  h ig h e r  u r in e  o s m o la l i t ie s  in  th e  r a b b i t  and in  A plodontia  by 
p r io r  fee d in g  on h igh  p ro te in  d i e t s .
I t  i s  concluded t h a t  A plodon tia  w i l l  respond  to  exogenous a n t i ­
d i u r e t i c  hormone to  a  m oderate d e g re e . The s h o r t  r e l a t i v e  le n g th  and
—2^—
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sm all p e rcen tag e  o f long  loops c o r r e la te  w ith  th e  m oderate a b i l i t y  o f 
A p lodon tia  to  c o n c e n tra te  i t s  u r in e .  These r e s u l t s  su p p o rt th e  
c o u n te rc u r re n t  th e o ry .
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